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¢ QOverview
= Who, What, When, How, Why

¢ How's It Work?
= Methodologies
= COCOMO Il
= Control Levels
s V&YV Criteria

Capabillities
Reports
Future Plans
Summary
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*0verview
Who, What, When, How, Why?
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Started life as the Software Project Expert System (SPES)
Pete is a computer application for:

* Projects with software development -}

. . . i—_ : :
¢ Estlmatlng duration, cost, schedule ‘
¢ Tool for planning project, SPA and IV&V activities

+ determining the Effort (tasks) based on the
COCOMO, SW reuse (COTS/GOTS), Control
Levels, V&V criteria and documentation

Research funded by NASA OSMA and GSFC | V&YV Facility




¥ Overview
Who, What, When, How, Why?
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Ask Pete incorporates:
¢ COCOMO 11
¢ SLOC or Function Points

¢+ GRC’s Software Development Procedure &
Control Levels

¢ NASA’s IV&V Criteria
¢ Plan Templates
¢ CMM Checklist

¢ Advanced Risk Reduction
Tool (ARRT) Tailoring
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& Overview
Who, What, When, How, Why?

1998 1999 2000 2001
Java interface VB interface Print, Save CMM calculator
formatted report
capability
COCOMO & Control | Versioning SPA, Comparison, | Function Points
Levels Responses, SDP
reports
Results report Help system Project properties SDP template

editor

Distribution web
site and statistics

Question
comments

Link to ARRT risks

User’s Guide,
Programmer’s
Manual

Integrated with
ARRT

Added SQA metrics
collection
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*0verview
Who, What, When, How, Why?
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The VB User Interface contains:

¢ Logic that
= Manages the interface to the database
= Generates tailored reports
= Real-time cues that show the effects of tradeoffs

¢ Help system

¢ Links to the support web site and for email
assistance
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*0verview

Who, What, When, How (cont.), Why?
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An MS Access database contains: I;
¢ All the questions &L
¢ And answers

¢ Project information

¢ The decision structure to determine
s Cost and schedule estimates
s Control Levels
= Need for Independent Assessment (1A) or IV&YV,

¢ Other report information
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¥ Capabillities
Who, What, When, How, Why?

/N

+Checklist of factors fol
planning

+Estimates of effort

+ ldentifies Control Level,
documentation and
activities

+ Software Project Plan

+Planning SPA activities
and effort

+Control Level, docs &
activities

+Metrics for tracking
project success

+*Need for IA or IV&V

+Planning IA or IV&V
activities and effort

¢ Estimated IV&V schedule

Provides common
basis for negotiations
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Methodologies

How’s It Work

cocomMmo Il Control Level 1V&V Criteria

Product

Resourcing

Consequences

v'Required reliability

v Test data size

v Complexity

v"Reusability requirement
v"Documentation requirements

v"Annualized cost

Organizational Complexity

Platform

v'Development locations
v Customers
v'Developers experience

v'Execution time
v'Storage
v Platform volatility

Technical Complexity

v Personnel

v"Money and personnel
v"Mission success

v Adverse publicity

v Equipment

v Effect on operations

Personnel

v'Analyst, programmer capability
v Platform, applications experience
v’ Language/tool experience
v'Personnel continuity

v Test risk

v"Innovation

v Development tool availability
v Interdependency of deliverables

Likelihood

Safety Implications

v Potential damage
v Potential injury

Project

Business Implications

v'Tool Usage
v"Multisite development
v'Required schedule

v Consequence of failure
v"Schedule pressure

v Team size

v"Use of contractors
v"Development location(s)
v"Schedule

v CMM level

v Innovation

v Integration
v"Requirements stability
v"Amount of code
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COCOMO 11
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Information derived from COCOMO 11
+ Size of project (SLOC)
s Effects of Software Reuse

» Effects of requirements creep
= Function Points

¢ Schedule estimate
¢ Personnel requirements
+ Estimated cost of development

Ref. Boehm, 1981. B. Boehm, Software Engineering Economics, Prentice Hall, Englewood Cliffs, NJ, 1981
Boehm, 2000. B. Boehm, Software Cost Estimation with COCOMO 11, Prentice Hall, Englewood Cliffs, NJ, 2000
http://sunset.usc.edu/research/COCOMOII/index.html
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® L ow's It Work

Control Levels

/N

Information derived from Control Levels:
+ Development lifecycle

+ Development activities

+ Documentation requirements

Ref. GRC P2.6.4 Implementation — Software Development, Rev. C,
http://nasalivelink.grc.nasa.gov/livelink/livelink ?func=ll&objld=241550&o0bjAction=browsebmsfolder&sort=documentnumber

LeR-M2.6.4 Glenn Research Center Software Development Manual, Rev B
http://nasalivelink.grc.nasa.gov/livelink/livelink?func=I1&objld=834250&objAction =browse&sort=documentnumber
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"How'’s It Work

Control Levels

CRITICAL/HIGH CONTROL
PROCESS:

REQUIREMENTS

User | Software [ p) Design >

Development

System
Testing

Critical/High
Control Level

Medium
Centrol Level

Software Control Levels

Low
Control Level

MEDIUM CONTROL
PROCESS:

User

. —» Design
Requirements 9

LOW CONTROL
PROCESS:

User
Requirements

—» Developmenty—»

Development
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Control Levels
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Control Level determine extent of the

the following areas:
, | Verification and validation
k\ J 5 » CM and SQA

« Software safety
« Software risk management
» Software requirements
» Software inspections
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How’s It Work

Control Levels

. Low Medium High Critical
Pact Title
Requirements X X X X
Authorization to proceed X X X X
Identify design/coding standards X X X X
Maintain Software Development Folder X X X
Software Assurance reviews Management
X X X
Plan
Implement Problem report and corrective
L X X X
action system
Management Plan approval X X X X
Documented requirements X X X X
Peer review of requirements X X X
Conduct formal inspection of requirements X
. . X X
Software Assurance reviews requirements
Requirements approval X X X X
Peer review of plans X X
. . X X
Implement Formal configuration management
Conduct Product Assurance Audits X X
Conduct Formal Review s X X
Document approval of requirements and X X

formal review

Customer approval of certification
procedures

Conduct analyses of criticality and safety
Plan and schedule IV&V activities

Identify method for verification of safety
critical functions and requirements

X XX X
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® L ow's It Work

1IV&V Criteria
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Information derived from V&V Criteria:

+ Need for IV&V or Independent Assessment based on:

= Consequences of failure
+ Grave
+ Substantial
+ Marginal
+ Insignificant
= Likelihood of failure
+ Range from 16 to 256

+ V&V and Independent Assessment Activities

= If IA or IV&YV indicated, a base set of activities are included
In the recommended development activities

Ref. NPG 8730 Software Independent Verification and Validation (IV&V) Management, Rev. Draft

15
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"How'’s It Work

IV&V Criteria — IA/1IV&V Determination

/N

L/

Consequences of Software Fallure

IA

Grave

1
1
Sub st antial :
1
1

Marginal

Insignificant

Total Likelihood of Faillure Based on Software Envirconment
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"How’s It Work

/N
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Control
Level ’

COCOMO II factors
address majority of the
development planning
Issues

Control Level factors
overlap COCOMO Il and
address additional
organizational and
performance issues

Incorporating other areas
of interest, (i.e. IV&V,
Software Assurance),
build on COCOMO Il and
Control level questions

17
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“Capabilities
Characterize Projects

Elask pete 4.0 I ] 4]

File  Project Tools MWindow Help
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D& =] 2|

*hill Off-The-Shelf zoftware be uzed?
2] Is this program interactive?
@& 3]z zafety an igzue with this project?
® 4]z =ecurty or privacy an izzue with thiz project’?
@ Bz certification required?
@ B]'ill existing software components be reused [including COTS/GOTS]?

PO e e e TR

3] Iz zafety an izsue with thiz project’y?
4] |2 zecunty or privacy an izsue with thiz project’?
A I certification required?

Elproject: zClass, ver. 0 i [m] |
Is this program interactive?
[ =
Legend:
@ Anzwered X
i Questions:  Total: 7 Anzwered: a0
® Mot App /
Buestions:  Total: W Answered: |_38 ﬁl
(= zClass
@ COCOMO
® Control Level e
@ Control Level and COCOMD ® 5W. Docs and Activities
IVEY .
sl 1]l OFF-The-5helf zoftware be uged?
e T 2] Iz this program interachie?

B] "Will existing zoftware components be reuzed [including COTS/AGOTS]?

Cormnment:

[Status | Contral Level: Unknawn | COCOMO Sched: Unknawn | COCOMO Cost: Unkrnown |KSLOC: Llnknownl_//L

s e i s Y N N I

IEnntrnI Lewvel: Unknown | COCOMO Sched: Unknown | COCOMO Cost: Unknown

| ESLOC: Unknovn
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Capabillities

Project Properties
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ﬁProperties

[ Project Info T Contacts T Dezcription

[ Project Info T Contacts T Dezcription

[ Project Info T

Contacts T Dezcription

General T Surnmary T [V

Project: 2Gus

Yersion: 4

Created: 1041242001 4:55:26 PM

Modified: 1041242001 5:12:36 PM

Accezsed: 10/15/2007 4:08:54 P

Prirted:

General T Summary T [ General T Summarny T
Author: |
— Level of M
Manager: |
Company: | {~ Basic L Independent
Azsessment

Categon: I
Keywards: " Limited

" Focused
Comments:
F+* Bazed on version 2 of the project. ***** Based on versi

(" Comprehensive Clear al |

Cancel | QK | Cancel | QK | Cancel |
[ Gerneral T Summary T IWfEA [ Gerneral T IWfEA [ General T Summary
Project Info T Contacts T Dezcription Project Infa T Dezcription Froject Infa T Contacts T
Development Orgarization: Project Lead: Phane #: e e i
Praject Identification: Software Lead:
Programming Language: S04
Development S pecifications: Configuration Management;
150 12207 | |
150 9001
PI/Customer POC
Add Spec Hemowe Spec |
QK | Cancel | QK | Cancel ak, | Cancel |
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% capabilities

Characterized Project

%
| F
|'5'u../:|':uﬁu|m.tuu1nm] |COCOND Schat 267 mo491 5P | COCOWD Cod 32 449, 000.00 '.ksu.u:iﬁnnsm:h A,;E
' Control Level: High [189) KSLOC: 420,
| COCOMO Sched: 26.7 mo/481.9 PM '| COCOMO Cost $2.449.000.00

20
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Reports
Software Development Plan

/ FlProject: 2Gus Software DevelopmentPlan ~[of x|
SOFTWARE DEVELOPMENT PLAN (SDP) 4]

/N

FOR THE

ZGUs

Document ldentifier
VERSION x.x

Date

Prepared By:
|ORG|

Reviewed by:
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"Reports

Results Report — COCOMO I1 Factors

L/

/N

_ioix

Project Report for s

z0us, Version 4
A=l Pete results

COCOMO II Scale Factors

L Frecedentedness (PREC) = 3.110

Development Flexibility (FLEX) = 3.72
ArchitecturesEi=l Hesolution (EESL) = 2.83
Team Cohe=s=ion (TEAM) = 2 47

FProcess Maturity (PHAT) = 3.12

COCOMO 1T Cost Drivers (Early Design)

. Flatform Difficulty (PDIFY = 1. 00

. Per=sonnel Exzperience (FREX) = 83

. Personnel Capability (FERSY = 82

. Froduct Eeliability and Complemxity (RECPE) = 1.06
. Facilitie=s (FCIL) = .84

COCOMO 11 Cost Drivers (Post Architecture)

L Fequired Reu=ability (KEUSE) = 1.00
. Documentation Match to Lifecvcle Hesds (DOCT) = 100
- Fevarntimm Time Cownstraint (TTHRY = 1 00N ll
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"Reports

Results Report — SLOC Estimate, Control Level
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L/

F4Project: zGus Results Report - 0] x|

COCOMO II Variables -]
Size = 420000.00

COCOM0O 1II Subtotals
. Scale Factors = 15 .23

- B = 1.06 J
. Effort Multiplier=s = .27

COCOMO I1I Estimate

Thi= project will reguire 481 . 90 per=son mnonth=s to accomplish.

Caveat

Thi=z implementation of COCOMO II cannot be guarantesed to provide
results that are consistent with the latest US5C COCZOMO I model. as
some parts of thi=s have not been fully implemented.

DERA Sizing Score

. Control Lewel = 189 .00

. DEEA = 1e0.00

Contral Lewvel

T=ze a high control level. _J
23
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"Reports

Results Report — Recommended Documents
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¥4 Project: zGus Results Report

Contraol Level
Iz2 a high control lewel.

Required Documents
Management Flan

Safety A=zsurance Procedures
Froject Approwval

Development Actiwvitie= Flan
Training Development FPlan
Az=urance Flan

Fi=l Management Flan
_Configuration Management Flan
Delivery and Operaticonal Tran=sition FPlan
Froduct Specification

Concept Documentation
Fequirement= Documentation
De=zign Documentation

Verzion Description
Manhagement and Engineering Feports
Inspection Heports
Performancesstatus Heports
Feview Reports

Di=zcrepancy Report
Certification Procedures
Certification Report=
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Reports

Results Report — Phase Activities
~loix]

Requirements :J
A =oftware concept document will be written which define=s the high
level =oftware requirements for a proposed project. Detailed

requirenents are arrived at by analvsis. prototvping, and discussion
with pesrs. manager. users,. reference to applicable standards, and
program specific requirements. etc. Trade studie=s may be needed to
support the determination of one method, or s=et of regquirement=s. over
another. User and sof tware requirements are documnented in a Sof twvare
Fequirements Document which includes. or points to a separate
document for., interface control. A& review of requirements takes
place by formalized review with the user. A project plan for each
project must be written, followved., and maintained which incorporates
how to manage and dewelop the project to mest all reguirements.
Where, when and how software will be developed., reviewed. base lined.
ztored, managed, assessed for risks, verified and walidated.
configuration management approach, problemns tracked and addressed.
and releaszed for usze must be addressed in either a Software
Hanagement Flan or a Sof tware Development FPlan. (See HFD 2820.1 HASA
Sof tware Policies) For larger project=s,. this= information may be
contained in separate plans. Configuration Management i= used
throughout the project,. for the requirements tracking, bug fizes.
approval for changes. problem reporting and tracking. identification
of products,. and control of releaszes of thos=e products (document=s and
code) as thevy are developed. TWhere needed, a training plan is
written and approved. All parties involwed should hawe a copy of the
plans and the requirement=. (e.g9. the manager. =cientis=t(=).
engineer{=), programmer(s),. product assurance). The Project Manager.
and product assurance when hecessary. approve via s=ighnature on plans
and requirement=s. According to the agreed upon Product Assurance
FPlan. Audits may take place and the results and actions are recorded.
Feer review of requirement= and plan=s are recommended. The results
of peer and formal reviews are recorded and tracked to closure. A
formal =s=oftware rewview process may be needed prior to Management
approval to procesed to the Des=ign phas=e. This and all other approval
criteria will be documented in the management plan.

Design
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Reports

Results Report — IV&V Recommendation

=

Release

A Verszion Description Document iz created which list=s all
deliverables. their current wersion and state., and the configuration
az well as any waivers, deviations and relevant problem reports and
change request=. A formal notice of releas=e 1= made to useri(=) and
managemnent of readiness and the product i= demons=trated. Sof twvare
executables are made awailable from configuration manhagement with any
documentation needed for use. If it will be the respon=ibility of
the uszer to maintain this software. the source code and build =uites
will also be released from configuration management control.. A copy
of software will be lkept on department or lab wide configuration
managenent svstem: code and any relevant documentation such as
managensent plans. reguirements documents, design documents, white
paper=, test caze=, etc. Software deemed for commercial releasze
chould follow HPG 2210 External Helease of HASA Software.

Functional Configuration Audits (FCA) and Phy=sical Configuration
Audits (PCA) will be conducted by product assurance. A& Version
Description Document i= produced to capture the =tate of the product,
li=t all known defect=z and worlkaround=, build procedure=s, and
wversions of software and corresponding documentation.

Independent Verification and Validation

Consequence of Software Failure: Substantial

. Likelihood of Failure based on Sof tware Environment: 63
Fecommendation: Independent Assessment

Depend= on customer requirements and agresement. Can range from no
zsupport to on—going maintenance (fixesz and enhancement=s.) Changes
=zhall be formally controlled and implemented wia the abowve process.
Sof tware destined for commercial releasze should follow HPG 2210
External Releaze of HASA Scoftware.
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Reports

Results Report — COCOMO 11 Phase Estimate
D L=

Phase Estimates :J
HOTE: The COCOMO calculation does not include estimates for the Flans
and Eegquirement= phase. An assumption has been made for the
followving results that the Plans and Fegquirements= phas=e is egual to
7% of the effort and =chedule of the Product Design. Programming. and
Integration and Test phasze=s. Becaus=e this aszsumption is not part of
the calculated COCOMO II result, it is not included in the totals at
the end of thi=z =ection or in the figures shown on the status bar.
The information provided here is bazed on a tvpical project and has
not been optimized for zGu=s~004. It should be used a= a guide only
for developing initial =taffing and =chedule e=timates.

/N

Eztimate for total development effort = 26.7 months.
The =chedule breaks down as follows:
Flan= and Fequirements
33.7 PM
5.7 mo.
5.9 FTE

Froduct De=sign
81.9 PM
7.4 mo.
11.1 FTE

FProgramming
254 .1 PH
Detailed Dezign: 112. FH
Code & Tnit Test: 142.1 FH
10.9 mo.
23.2 FTE

Integration and Te=t
145 .9 PH
8.4 mo.
17.5 FTE

Froject Totals
Total Effort: 431.9 PH
Total Schedule: 26.7 mo.
Average Staffing: 18. FTE

Lo
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" Reports

SPA Report

p
N
I=E
| - Text In
Software Product Assurance parenth eses
Planning Estimates by Control Level Phase for %
2Gus replaced by
Oct 16, 2001 -
project
1.0 PROJECT INTRODUCTION AND QOVERVIEW .
properties
1.1 Contractor . - :
(Enter developing contractor ar graup name) Info rmatlon If
1.2 Contract aval Iable

(Enter development contract or DO ar other identifyingAumber if applicable)

1.3 5L0OC Count
420 000

14 Control Level
High Contral

1.4 Languages
(Programming languages) hd
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"Reports

SPA Report
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L/

il x|
A REQUIREMENTS TASKS -]

Process Evaluations
Flanning

Risk Management
Requirements Mgmt.
Ch

CA,

A,

Activity Evaluations
Data Collection & Analysis
Process Improvement
Review Participation

Team Participation

Product Evaluations
Development Flan
Azsurance Plan
oys/oubSys Spec
=wy Heg Spec
Interface Reg Spec

Total Hrs for this Phase

Hours
188.50
5025
503.00
42.00
42.00
101.00

Hours
g4.00

5025

326.50

50.25 [

Hours
E2.00
2025
F00.75
F00.75
351.25

3278.75
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* Future Plans
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+ Develop and provide training
and informational
presentations at NASA
centers, conferences

+ Develop and finalize plan
templates (SQA, SDP)

¢+ Implement ability to
decompose/combine projects

* |nvestigate conversion to
web-based application
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=summary
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+ Answered Who, What, Where, When, How
and Why?

* Training sessions and presentations at NASA
Centers next year

¢ Incorporates COCOMO IlI, (tailorable) Control
Levels and IV&YV criteria

¢ Overview of the program and reports

+ Download your copy from
k> http://tkurtz.grc.nasa.gov/pete

- kti 31
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